Abstract-During growth the vertebrate eye achieves a close match between the power of its optics and its axial length with the result that images are focused on the retina without accommodative effort (emmetropia). The possibility that vision is required for the regulation of eye growth was studied experimentally in chicks made myopic or hyperopic by different visual manipulations. After discontinuing these visual manipulations, the eyes returned quickly to emmetropia mainly by adjusting the growth of their vitreous chambers; growth stopped in eyes recovering from myopia and continued in eyes recovering from hyperopia. Because both hyperopic and myopic eyes were already larger than normal controls, the difference in growth indicates that refractive error, rather than eye size per se, guides the eye toward emmetropia. Evidence is also presented for nonvisual shape-related control of eye growth, but this is slow-acting and cannot explain the emmetropixation from induced refractive errors. Both the visually guided and shape-related mechanisms work even in eyes with the optic nerve cut, indicating that the two mechanisms are local to the eye. Although the optic-nerve-sectioned eye can sense the sign of a refractive error and initially adjust growth accordingly, it eventually overshoots emmetropia and reverses the sign of the initial refractive error. Whether this is due to loss of feedback from the central nervous system or retinal ganglion cells is unclear.
INTRODUCTION
The eyes of neonates of a variety of species have refractive errors (generally hyperopia) that tend to diminish with time (e.g. McBrien & Norton, 1987; Mohindra & Held, 1981; Wallman, Adams & Trachtman, 198 1 a) . This growth from ametropia toward emmetropia is commonly referred to as emmetropization, although there is little agreement on what developmental processes are behind it (for summaries see: Borish, 1970; McBrien & Barnes, 1984; Morgan, 1967) . One controversial view is that eye growth is actively regulated, and that visual experience guides refractive state toward emmetropia (e.g. Banks, 1980; Medina, 1987a, b; van Alphen, 1961; Young, 1977) . Alternatively, nonvisual explanations exist; it has been argued that emmetropization is the postnatal continuation of genetically determined embryological processes that, in combination with the physical constraints on the growing eye, result in normal eye size and shape (e.g. Mark, 1972; Sorsby, 1979 Three lines of evidence suggest that emmetropization may be an actively regulated visual process: (1) the development of refractive state in human neonates is very sensitive to visual disturbance (Hoyt, Stone, Fromer & Billdon, 1981; Nathan, Kiely, Crewther & Crewther, 1985; O'Leary & Millodot, 1979; Robb, 1977) , and various experimental species deprived of form-vision are known to develop myopia (e.g. Marsh-Tootle & Norton, 1989; Troilo, Judge, Ridley & Baker, 1990; Wallman, Turkelk Trachtman, 1978b; Wiesel & Raviola, 1977) ; (2) sustained near vision has long been associated with myopia. In humans, occupations associated with extensive reading or other close work show an increased incidence of myopia (e.g. Donders, 1952; Duke-Elder, 1930; Dunphy, Stoll & King, 1968; Goldschmidt, 1968; Richler & Bear, 1980; Young, 1977) . In animals, caging or close visual surrounds lead to myopia (Rose, Yinon & Belkin, 1974; Young, 1961) , even when the near environment is restricted to part of the visual field (Miles & Wallman, 1990) ; (3) the eyes of chicks made functionally myopic with positive spectacle lenses or hyperopic with negative
